A role for AGL ubiquitination in the glycogen storage disorders of Lafora and Cori's disease folding molecule that enhances the ability of PP1 to dephosphorylate and thus activate glycogen synthase (Printen et al. 1997; Brady and Saltiel 2001) . Laforin has also been shown to dephosphorylate and activate the kinase GSK3␤ (Lohi et al. 2005; Wang et al. 2006) . One direct target of GSK3␤ is glycogen synthase, and its phosphorylation by GSK3␤ leads to inactivation, implying that Laforin could directly affect glycogen metabolism through this pathway. However, recent evidence suggests that alterations in the GSK3␤/glycogen synthase pathway are not primarily responsible for the formation of Lafora bodies (Wang et al. 2007; Worby et al. 2006) , and precisely how Laforin affects glycogen metabolism remains unknown.
The presence of polyglucosan bodies in Lafora disease could also implicate a disruption in the controls that regulate the glycogen branching/debranching system, a process that is poorly understood (Roach 2002) . Glycogen branching is catalyzed by glucan (1,4-␣-),branching enzyme 1 (GBE1). The relative activities of glycogen synthase:GBE1 are likely to play a role in the overall degree of branching. In mice that overexpress glycogen synthase, glycogen is less branched and polyglucosan bodies develop (Raben et al. 2001; Pederson et al. 2003) . Conversely, the absence of GBE1 activity observed in type IV glycogen storage disease results in poorly branched glycogen and polyglucosan bodies similar to those seen in Lafora disease (Moses and Parvari 2002) .
During glycogenolysis, the activity of glycogen phosphorylase is stalled when the enzyme encounters a branch point in glycogen four glucose residues away. To allow further glycogen degradation, the removal of this branch must be carried out by the glycogen debranching enzyme, amylo-1,6-glucosidase,4-␣-glucanotransferase (AGL) (Shen and Chen 2002 ). Cori's disease (glycogen storage disease type III; OMIM 232,400) is a human autosomal recessive disorder resulting from a deficiency in AGL activity. Most AGL mutations identified to date lead to premature truncation and loss of activity. However, one missense variant, G1448R, is located within the putative CBD (Okubo et al. 1999) . How this mutation affects AGL function remains unclear.
In this study, we show that the E3 ubiquitin ligase Malin promotes the ubiquitination of AGL in a highly regulated process. The G1448R mutant found in Cori's disease disrupts the CBD of AGL, causing it to undergo proteasomal degradation. Glycogenolytic agents known to activate cAMP signaling increase the levels of Malin and the formation of Malin/AGL complexes. In overnight fasted mice, refeeding causes a reduction in AGL levels. These results suggest that the regulation of AGL levels may play an important role in both Lafora and Cori's disease.
Results

Disrupting the CBD of AGL leads to increased degradation
The glycogen debranching enzyme AGL is well conserved from humans to Saccharomyces cerevisiae, with 38% identity (52% similarity) at the protein level (Shen and Chen 2002) . Mutations in AGL that lead to premature truncation and loss of activity occur in Cori's disease, or glycogen storage disease type III. However, one missense variant (G1448R) associated with the disease is located within the putative CBD (Okubo et al. 1999) . To test the possibility that this mutant would affect the ability of AGL to bind to glycogen, AGL mutants with a truncation at the C terminus within the CBD domain (AGL ⌬CBD) or the G1448R mutation were generated (Fig. 1A) . We overexpressed these mutants as Flag-tagged AGL proteins in COS cells, and subjected them to pulldown assays using amylose resin to evaluate carbohydrate binding (Fig. 1B) . Whereas wild-type AGL readily bound to amylose, both the ⌬CBD and G1448R mutants did not. We further confirmed these results in whole cells by performing high-speed ultracentrifugation to isolate glycogen-enriched fractions (Fig. 1C) . Wild-type AGL was found only in the glycogen-enriched (highspeed pellet) fraction. In contrast, both mutants localized predominantly to the cytosolic (high-speed supernatant) portion. These results demonstrate that both AGL mutants are deficient in binding carbohydrate.
During the course of our studies, we noticed that the AGL ⌬CBD and G1448R mutants were relatively unstable. Pulse chase analysis revealed that the wild-type protein had a half-life of at least 9 h, whereas the mutants that disrupt glycogen binding exhibited a significantly shorter half-life of <3 h (Fig. 1D) . Treatment of cells with the proteasome inhibitor MG-132 had no effect on wild-type AGL levels, consistent with its observed long half-life (Fig. 1E) . In contrast, the levels of AGL ⌬CBD or G1448R were significantly increased upon proteasomal inhibition.
To further confirm the involvement of the proteasome, we assessed the levels of ubiquitination of the AGL proteins. Flag-tagged wild-type and mutant AGL proteins were expressed in COS cells, along with HAtagged ubiquitin. The cells were lysed in 1% SDS, boiled, and diluted, and AGL proteins were immunoprecipitated with anti-Flag antibodies. Immunoprecipitates were then analyzed for covalently linked ubiquitin by immunoblot analysis with anti-HA antibodies. Both the ⌬CBD and G1448R AGL mutants exhibited increased ubiquitination (Fig. 1F) . This was not due to the differential expression of HA-ubiquitin (HA-UB), as analysis of total cell lysates (TCL) demonstrated similar ubiquitination in all transfected lanes. Taken together, these results suggest that the CBD of AGL is crucial to maintaining its stability and protection from ubiquitin-mediated degradation.
The AGL G1448R mutant forms aggresomes upon proteasome impairment
The ubiquitination of mutant AGL proteins may facilitate their removal and prevent the accumulation of toxic or aggregated products. In this regard, proteasomal inhibition has been shown to lead to the formation of inclusion bodies containing aggregates termed "aggresomes."
These structures form specifically at the centrosome in a microtubule-dependent manner and consist of the aggregated proteins as well as chaperones and components of the proteasome (Kopito 2000) . Aggresome formation may be pathogenic in many neurodegenerative disorders, such as Parkinson's and Huntington's disease, leading to cellular degeneration or dysfunction.
We asked whether mutant forms of AGL would undergo a similar process. COS cells were transfected with Flag-tagged wild-type AGL, or the ⌬CBD or G1448R mutants, and confocal immunofluorescence microscopy was performed in the presence or absence of MG-132. In the absence of proteasomal inhibition, all the AGL proteins exhibited a cytoplasmic staining pattern ( Fig. 2A) . However, treatment with 10 µM MG-132 for 12 h dramatically induced perinuclear aggregate formation in ∼90% of the cells transfected with AGL mutant proteins. In contrast, wild-type AGL was less efficient in producing these aggregates, in both size and number (<50% in transfected cells).
We also found that the G1448R-containing aggregates contained both ubiquitin and the molecular chaperone HSP90 (Fig. 2B,C) . Costaining with the centrosomal marker ␥-tubulin demonstrates that the inclusion bodies colocalize with the centrosome (Fig. 2D) . Furthermore, the aggregates seem to be "caged" by a microtubular network, as revealed by immunostaining with ␣-tubulin (Fig. 2E) . Finally, the microtubule-disrupting drug nocodazole disrupted the formation of the inclusion bodies (Fig. 2F) . Similar results were obtained using the ⌬CBD mutant (data not shown). Taken together, these results demonstrate that the AGL G1448R Cori's disease mutant forms aggresome-like bodies upon proteasome impairment.
Subcellular localization of Malin, AGL, and Laforin under glycogenolytic conditions
Recently it has been shown that upon proteasome impairment, the E3 ubiquitin ligase Malin relocalizes within cells to aggresomes (Mittal et al. 2007) . In COS cells, Malin is found in both nuclear and endoplasmic reticulum (ER) compartments (Chan et al. 2003 ). In our hands, low-level overexpression of Malin in COS cells results in nuclear localization, whereas at high levels, Malin assumes a perinuclear ER-like staining (Fig. 3A) . Flag-tagged wild-type (WT), ⌬CBD, or G1448R AGL proteins were immunostained with Flag antibodies (green), and nuclei were visualized with propidium iodide (PI, red). Localization of AGL in COS cells growing in culture in the absence (left panels) or presence (right panels) of proteasome inhibitor. Cells were transfected with AGL constructs for 12 h, and then 10 µM MG-132 was included during the media change and cells were allowed to continue for an additional 12 h before immunofluorescence analysis. (B-E) The AGL (G1448R)-containing inclusions possess aggresome-like properties. Flag-tagged AGL G1448R was transfected in COS cells, and 12 h later, 10 µM MG-132 was included during the media change. Cells were allowed to grow for 12 more hours before immunofluorescence analysis with the indicated antibodies. Costaining reveals that Flag-AGL G1448R inclusions (green) colocalize with HA-tagged ubiquitin (red) (B), the molecular chaperone HSP90 (red) (C), and the centrosomal marker ␥-tubulin (red) (D). (E) Costaining with ␣-tubulin (red) reveals the G1448R inclusion is "caged" by a microtubule network. (F) Disruption of the microtubule network by 1 µM nocodazole for 2 h results in loss of G1448R inclusion formation.
When overexpressed in HepG2 cells, myc-tagged Malin was localized predominately in the nucleus, as indicated by immunofluorescence staining (Fig. 3B) . In contrast to Malin, overexpressed HA-AGL exhibits cytoplasmic staining (Fig. 3C) . Surprisingly, we found that under glycogenolytic conditions (glucose deprivation, Forskolin [FSK]/3-isobutyl-1-methylxanthine [IBMX] treatment), HA-AGL partially translocated to the nucleus (Fig. 3C) . Complete depletion of glycogen levels resulted in up to 90% of transfected cells displaying AGL staining in the nucleus (Fig. 3D,E) . Under these conditions, Malin-myc staining was slightly diffuse and partly cytoplasmic, although still predominately nuclear (data not shown). This suggests that upon release from glycogen, AGL is directed toward the nuclear compartment. In this regard, treatment of cells with a glycogen phosphorylase inhibitor prevented nuclear staining of AGL (Fig. 3F) , concomitant with the blockade of glycogenolysis (Fig. 3G) .
Malin has been previously demonstrated to promote the degradation of Laforin (Gentry et al. 2005; Lohi et al. 2005) . We therefore asked whether glycogenolytic signals also trigger the nuclear localization of Laforin. Un- der basal conditions, Laforin exhibited a cytoplasmic localization similar to AGL (Fig. 3C) . Treatment with glycogenolytic agents caused a significant nuclear localization of Laforin. Similar results were also seen with the C266S mutant of Laforin (data not shown). It is interesting to note that a splice variant of Laforin has been shown to localize in both the cytoplasm and nucleus (Ganesh et al. 2002b) . It is possible that differential localization allows Laforin to target different substrates. Alternatively, nuclear localization of Laforin may target it for Malin-mediated proteasomal degradation.
cAMP signaling increases levels of Malin and Malin/AGL complexes
We next asked whether Malin and AGL could interact. We expressed Flag-AGL together with the wild-type or a catalytically inactive mutant (C26S) of Malin-myc (Gentry et al. 2005) in cells, and performed coimmunoprecipitation experiments. Flag-AGL was found in immunoprecipitates of both wild type and C26S Malin-myc, but not with control beads (Fig. 4A) .
Interestingly, Flag-AGL interacted with the mutant C26S Malin-myc better than with the wild-type protein, suggesting that Malin may mediate the ubiquitination of AGL and then release it. To address this question, we expressed Flag-AGL, HA-UB, and Malin-myc wild-type or its C26S mutant in 293T cells, and performed denaturing immunoprecipitations (Fig. 4B) . Probing Flag immunoprecipitates with HA antibodies revealed that expression of wild-type Malin significantly increased AGL ubiquitination, but was without effect using the C26S mutant.
To determine whether carbohydrate binding influenced this interaction, we examined the interaction between AGL and Malin under glycogenolytic conditions. For these experiments, we used the C26S mutant of Malin, so that the overall levels of AGL would not be affected. When cells were glucose-deprived and treated with FSK, the association of Malin with AGL markedly increased, as determined by coimmunoprecipitation (Fig.  4C ). This was due to the unexpected increase in Malin Flag-AGL and C26S Malin-myc were cotransfected into 293T cells for 16 h, followed by treatment with the indicated reagents. Lysates were subjected to immunoprecipitations with anti-myc antibodies and analyzed for the presence of Flag-AGL. (E) FSK, but not glucose deprivation, causes an increase in Malin levels. Malinmyc was transfected into 293T cells and treated with the indicated reagents. Lysates were analyzed with the indicated antibodies. levels under these conditions. Interestingly, the increase in Malin/AGL complex formation was not observed upon glucose deprivation alone (Fig. 4D) , suggesting that release from glycogen is insufficient for AGL and Malin to interact. In addition to FSK, both 8-Bromo-cAMP as well as IBMX, produced an increase in Malin levels (data not shown). Furthermore, the presence of glucose had no impact, suggesting that an elevation in cAMP levels is sufficient for this effect (Fig. 4E) .
Regulation of AGL levels during fasting/refeeding
Consistent with a role for Malin in promoting AGL ubiquitination, we observed that coexpression of AGL with wild type but not C26S Malin could cause a decrease in AGL levels (data not shown). Since the Malin/AGL interaction is affected by glycogenolytic agents, we sought to determine whether AGL levels are regulated in vivo during conditions such as fasting or refeeding. Fasting mice overnight (24 h) produced no appreciable difference in endogenous AGL levels (Fig. 5A ). However, refeeding mice for 2 h led to a 48 ± 9% decrease in AGL levels that was restored upon continued refeeding (Fig. 5B,C) . Glycogen phosphorylase levels were also decreased over this period, although glycogen synthase levels remained unaltered. During these 2 h of refeeding, glycogen was repleted beyond normal levels (Fig. 5D ), probably as a result of overcompensation (Mamedova et al. 2003) .
To further evaluate this phenomenon in primary hepatocytes, starvation was mimicked by glucose deprivation and treatment with 100 nM glucagon. After 1 h of glucose deprivation, refeeding was then initiated by changing the media to include glucose as well as 100 nM insulin. Treatment of cells with glucose/insulin caused a time-dependent decrease in AGL levels, as did prolonged (7 h) starvation (Fig. 5E) . One possible explanation for the discrepancy between liver and primary hepatocytes could be the nonphysiological concentrations of the hormones used. Indeed, the decrease in AGL levels correlated with a down-regulation in PKA signaling (phospho-PKA blot), suggesting that the degradation of AGL requires an additional signal related to the desensitization of cAMP levels.
AGL colocalizes with polyglucosans
One major clinical feature of Lafora disease is the presence of polyglucosan inclusions termed "Lafora bodies" Ganesh et al. 2006) . Overexpression of glycogen synthase in mice leads to rapid polyglucosan formation (Raben et al. 2001; Pederson et al. 2003) . Likewise, expression of glycogen synthase in HepG2 cells caused the appearance of polyglucosans that was surrounded by glycogen synthase itself (Fig. 6A) . Thus we were interested to determine if AGL also localizes to these structures.
When AGL was coexpressed with glycogen synthase, the localization of AGL switched from a diffuse cytoplasmic pattern (Fig. 3C ) to one concentrated with glycogen synthase (Fig. 6B) . The ability of AGL to localize to these polyglucosans is likely through its CBD domain, as AGL ⌬CBD was unable to do so.
Discussion
The glycogen debranching enzyme, AGL, is involved in the breakdown of glycogen by primarily removing Figure 5 . Regulation of AGL levels in liver and primary hepatocytes during fasting-refeeding. (A) AGL levels in mouse liver decrease during the refeeding after an overnight fast. Threemonth-old female C57Bl/6 mice were either allowed to eat freely (Ad. lib.), fasted for 24 h, or refed for 2 h after fasting. Liver lysates were obtained and processed for immunoblotting with the indicated antibodies. Each lane represents one mouse. (B) AGL levels during the time course of refeeding. Fasted mice were allowed to be refed for the indicated times, and then liver lysates were processed as above. (C) Quantification of AGL levels. Three mice were analyzed in each case. Error bars represent SEM. (D) Liver glycogen levels during fasting and refeeding. Glycogen levels are expressed as micromolar glucose released from amyloglucosidase digestion normalized to the weight of the liver. Three mice were analyzed in each case. Error bars represent SEM. (E) AGL levels in primary mouse hepatocytes during a starvation/refeeding cycle. Starvation was induced by glucose/ serum deprivation and addition of 100 nM glucagon for either 1 or 7 h. After starvation for 1 h, refeeding was initiated by replacing the media with regular growth medium supplemented with 100 nM insulin. Lysates were then obtained and processed for immunoblotting with the indicated antibodies.
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branch points that impede the action of glycogen phosphorylase. However, how AGL itself is regulated is poorly understood. In this report, we identify ubiquitination as a novel means of regulating AGL levels, and uncover some of the signals that regulate this process. In humans, Cori's disease is characterized by a deficiency in the activity of AGL. However, most mutations identified to date result in premature truncations, providing little by way of insight into its regulation. One exception is the G1448R mutation (Okubo et al. 1999) that is localized in the putative CBD. We demonstrate here that this mutant cannot bind to amylose or efficiently partition into a high-speed glycogen-enriched fraction. Interestingly, the G1448R mutant is unstable due to enhanced ubiquitination that is rescued by proteasomal inhibition. These results suggest that binding to glycogen may be involved in regulating AGL stability.
In addition to its reduced stability, we also observed that AGL G1448R forms aggresomes upon proteasome inhibition. Two proteins that are mutated in Lafora disease, Laforin and Malin, can also relocalize to aggresomes (Mittal et al. 2007 ). Lafora disease is characterized by the presence of inclusion bodies resembling poorly branched glycogen Ganesh et al. 2006) . We demonstrated that AGL and Malin directly interact, and further that this interaction increased upon treatment with cAMP-elevating agents, due in part to an increase in Malin levels. This suggests that a PKA-dependent pathway is involved in regulating Malin levels.
Because Malin is a ubiquitin ligase, these data suggest that AGL levels might also be regulated by fluctuations in glycogen stores. Indeed, fasted mice that were refed for 2 h exhibited a decrease in AGL levels in the liver. It is interesting to note that the glycogen levels had been restored by this time. We thus speculate that the suppression of AGL levels may be important in the repletion of glycogen stores and/or its proper branching.
In primary hepatocytes either refeeding or prolonged starvation caused a decrease in AGL levels. Thus release from glycogen alone is not sufficient for AGL degradation, but may act in a permissive role. Such compartmentalization of ubiquitination in the nucleus followed by cytoplasmic export for degradation has been shown for other proteins (Groulx and Lee 2002) .
Taken together, these data lead to a model for the regulation of AGL by ubiquitination (Fig. 7) . Glycogenolytic signals trigger the release of AGL from glycogen, allowing it to translocate to the nucleus. This permits AGL to interact with Malin, which then promotes its ubiquitination. Signals that elevate cAMP levels may further enhance this process by increasing the levels of Malin. Subsequent degradation of AGL probably involves an additional signal that might be related to the downregulation of cAMP/PKA signaling. Thus, individuals with loss-of-function mutations in Malin could accumulate AGL inappropriately during instances of low glycogen stores, and lead to a decrease in the overall level of glycogen branching. Indeed, Lafora bodies have been shown to possess fewer ␣-1,6-glycosidic branches (Yokoi et al. 1968) .
Lafora bodies are intracellular polyglucosan inclusions. These structures are found in several other glycogen-related disorders, such as Andersen disease (glycogen storage disease type IV) and adult polyglucosan body dis- ease (APGD) (Moses and Parvari 2002; Chan et al. 2005; Ganesh et al. 2006) . However, the symptoms and target organs can differ substantially between each disease. Whereas Lafora disease and APGD can present severe neurological problems, Andersen disease typically affects the heart and liver. The onset of disease is also quite different. Individuals affected by Andersen disease typically exhibit symptoms soon after birth. In contrast, Lafora disease progresses after 10 years of age.
Recently, an interesting case of Lafora disease involving two siblings was reported (Gomez-Garre et al. 2007 ). Although both individuals exhibited hepatic polyglucosan bodies, only one of the siblings developed severe liver cirrhosis and failure, suggesting the possible involvement of modifier genes. Thus, although disruptions of different genes can lead to polyglucosan formation, the tissue expression pattern and function plays an important role in manifestation of the phenotype.
In mice, overexpression of glycogen synthase leads to rapid polyglucosan formation and has been suggested as a model of Lafora disease (Raben et al. 2001; Pederson et al. 2003) . In HepG2 cells, both AGL and glycogen synthase accumulate around polyglucosans (Fig. 6) . Whether AGL assists glycogen synthase in this process is currently unknown. It is also possible that polyglucosans contain glycogen-related proteins as a result of carbohydrate-protein aggregation. Perhaps one function of Malin is to remove these proteins so that the cell can find a way to dispose of the excess carbohydrate. Further studies will be required to clarify these possibilities.
Materials and methods
Reagents
Anti-AGL antibodies were purchased from Abgent. Antibodies against AKT and phospho-PKA substrate were obtained from Cell Signaling Technology. Anti-glycogen synthase antibodies were purchased from Chemicon and USBiological. Protein A/G agarose and antibodies against Ubiquitin, PP1, HA, and myc were from Santa Cruz Biotechnology. Antibodies against ␥-tubulin, ␣-tubulin, Flag, and anti-Flag (M2) agarose beads were from Sigma. Anti-phosphorylase antibodies were described previously (Crosson et al. 2003) . The proteasomal inhibitor MG-132 was purchased from EMD Biosciences. N-Ethylmaleimide (NEM), FSK, and IBMX were obtained from Sigma. The glycogen phosphorylase inhibitor (Klabunde et al. 2005 ) was purchased from EMD Biosciences.
Plasmids
Constructs for HA-UB, Flag-Laforin, and myc-Malin were described previously (Wang et al. 2002; Gentry et al. 2005) . The AGL cDNA was obtained by RT-PCR from mouse liver RNA. A CBD mutant was generated by deletion of the last 116 amino acids of AGL (where the glycogen-binding domain is located). AGL and the ⌬CBD and G1448R mutants were cloned into various mammalian expression vectors by PCR. All constructs were verified by sequencing.
Cell culture and transfection
HepG2 hepatoblastoma, 293T, and COS cells were grown in Dulbecco's modified Eagle's medium (DMEM; Invitrogen) containing 10% fetal bovine serum (FBS; Invitrogen). COS and 293T cells were transfected with Fugene 6 (Roche) according to the manufacturer's instructions. HepG2 cells were transfected with Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions
Preparation of cell lysates and immunoblotting
For isolation of glycogen-enriched fractions, cells were scraped in 50 mM Tris (pH 7.5) and 150 mM NaCl supplemented with Complete EDTA-free protease inhibitor. Cell extracts were further sonicated (30% maximal setting, 10 pulses), and then debris was pelleted at 3,000g for 10 min. The supernatant was then successively pelleted at 14,000g for 10 min and then at 100,000g for 1 h to obtain the cytosol (supernatant) and glycogen-enriched fraction (pellet). The pellet was solubilized in lysis buffer (50 mM Tris at pH 7.5, 150 mM NaCl, 1% Triton X-100, Complete EDTA-free protease inhibitor) by rotating end-over-end for 15 min. The lysates were then cleared one more time at 14,000g to remove unwanted debris.
For isolation of TCL, cells were washed twice in ice-cold phosphate-buffered saline (PBS) and then scraped in lysis buffer (50 mM Tris at pH 7.5, 150 mM NaCl, 1% Triton X-100, 1 mM Na 3 VO 4 , 10 mM NaF, 5 mM NEM, 10 µM MG-132, Complete EDTA-free protease inhibitor). The lysates were rocked endover-end for 15 min at 4°C and then clarified by centrifugation at 14,000g for 10 min. For mouse liver, tissue fragments were dounce-homogenized in the above lysis buffer and processed similarly.
For denaturing immunoprecipitations, cells were lysed in denaturing buffer (50 mM Tris at pH 7.5, 150 mM NaCl, 1% Triton, 1% SDS, 1 mM Na 3 VO 4 , 10 mM NaF, 5 mM NEM, 10 µM MG-132) and boiled for 10 min. Lysates were diluted 1:10 with the same buffer lacking SDS and incubated with the appropriate antibody/Protein A/G agarose beads for 2 h rotating at 4°C. Immunoprecipitates were extensively washed in lysis buffer (without SDS), and proteins were eluted at 95°C in SDS loading buffer, separated by SDS PAGE, and transferred to nitrocellulose. Figure 7 . Regulation of AGL during glycogenolysis. AGL binds to glycogen and is involved in the debranching process. Signals that induce glycogenolysis trigger the release of AGL and allow it to enter the nucleus. There, Malin promotes its ubiquitination. Signals that elevate cAMP levels may further enhance this process by increasing the levels of Malin. Subsequent degradation of AGL probably involves an additional signal that might be related to the down-regulation of cAMP/PKA signaling. In Lafora disease, loss of Malin function could potentially lead to increased AGL levels and/or activity. Conversely, in Cori's disease, the G1448R mutant is unable to bind glycogen and undergoes rapid proteasomal-mediated degradation.
